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In  a  previous paper  (1),  the occurrence of a  filtrable virus in  the 
submaxillary glands of full grown guinea pigs was reported.  Emul- 
sions of the submaxillary glands  containing  potent virus were found 
to  be active  after  filtration  through  a  Berkefeld  candle.  The virus 
was thermolabile,  resistant  to 50 per cent glycerol, and could not be 
cultivated  either  in  the  presence  or  absence  of  air.  The  various 
criteria  necessary  to  establish  the presence of a  filtrable  virus were 
thus fulfilled.  It was found extremely difficult, however, to transmit 
the virus continuously from animal  to animal  in  series.  In  spite of 
the fact that young guinea pigs, inoculated intracerebrally, 1  died with 
great regularity,  it was found impossible to transmit  the virus from 
brain  to brain.  It was only by changing  the site of inoculation,  as 
for instance,  inoculating  first  in  the brain  and  then  in  the  testicle, 
or vice versa, that it was possible to carry the virus through two animals 
in  series.  In  only one instance  was  the  virus  transmitted  through 
three young guinea pigs in series alternating as follows: testicle-brain- 
testicle.  In subsequent work the virus has occasionally been trans- 
mitted  from brain  to brain  by using very large doses or by making 
multiple injections.  But the second animal in the series in no instance 
died or was severely sick.  The reaction in the second guinea pig of a 
series,  whether  the site of inoculation  was changed or remained  the 
same, was always very much milder than in the first guinea pig. 
In this paper the results of further attempts to transmit  the guinea 
pig virus  to  other  species of animals  are reported,  certain  imrnuno- 
1  The animals were anesthetized with ether before inoculation. 
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logical aspects of this disease are discussed, and finally, the description 
of two methods of transmitting  the virus from guinea pig to guinea 
pig in series is given. 
Transmission to Other Species of Animal. 
It was thought  that if it were possible to infect another  species of 
animal with the guinea pig virus the problem of the transmission  of 
the active agent from animal  to animal  would become less difficult. 
It has previously been reported that  the intracerebral  inoculation of 
the  guinea  pig  virus  into  young  rabbits,  rats,  and  kittens  proved 
negative.  The observations have now been extended to include chick- 
ens, pigeons, dogs, a monkey (Macacus rhesus), and mice.  All these 
animals,  however, proved  refractory to intracerebral  inoculation I of 
the virus.  Direct inoculations of the guinea pig virus into  the  sub- 
maxillary  glands  of young rabbits  and  young rats  were also  made. 
The glands were removed at various periods following inoculation  and 
examined  histologically.  No  lesions  containing  nuclear  inclusion 
bodies were found. 
Active Immunity. 
An  important  characteristic  of  filtrable  viruses  is  that  in  most 
instances  it  is possible to  produce  an  active  immunity  against  the 
agents by the inoculation of small amounts of potent material.  The 
injection of heat-killed virus on the other hand,  in contrast with the 
results obtained with bacteria, fails to produce immunity. 
Experime~al.--A group of young guinea pigs were divided into two lots; each 
animal of one lot received three subcutaneous injections of active guinea pig virus 
on 3 successive  days, the guinea pigs of the other lot remained untreated.  2 weeks 
after the last subcutaneous inoculation, the guinea pigs from both lots were inoc- 
ulated intracerebrally with active guinea pig virus.  The guinea pigs which had 
received the subcutaneous injections survived, and, with a few exceptions, those 
which had remained untreated died in the usual period of time.  In all the guinea 
pigs which received the subcutaneous injections of the guinea pig virus and which 
later proved refractory to brain inoculation, the specific lesion of the virus was 
found to be present in the submaxillary glands.  It was thought,  therefore, that 
the immunity to intracerebral inoculation depended on an active infection of the 
submaxillary glands and, furthermore, that the virus travelled from the skin to the 
gland.  In order to test this hypothesis, further  experiments were undertaken. ANN  G. KUTTNER  937 
It was necessary to determine whether the specific  lesion could regularly be found 
in the submaxillary gland following subcutaneous injections of active guinea pig 
virus, and if so, how soon after inoculation the lesion  was demonstrable.  Since 
infection of the submaxillary gland occurs spontaneously in uninoculated guinea 
pigs, it was necessary to observe a control group of guinea pigs of approximately 
the same age over a similar or a longer period of time. 
Methods.--The virus  used  for  injection  was  prepared  as  follows.  The  sub- 
maxillary glands of two or more adult guinea pigs were removed with sterile pre- 
cautions.  A  small piece of each gland was cut off and prepared  for histological 
examination.  In experiments  in which  it  was necessary  to  make  injections  of 
virus on 2 or 3 successive days, another piece of each gland was put in 50 per cent 
glycerol and kept in the ice box until used.  The rest of the material was ground 
thoroughly with sand in a mortar and the emulsion suspended in Locke's solution. 
Approximately, four glands were suspended in 2 cc. of fluid.  The emulsion was 
centrifuged at low speed for a  few moments, and the supematant fluid used for 
injection.  Aerobic and anaerobic cultures were made from the fluid to make sure 
that no bacteria were present. 
Sections prepared from the submaxillary glands used for injection were always 
examined to determine whether acidophilic nuclear inclusion bodies were present 
in the duct cells, and if so, their number and size were noted.  Furthermore, 0.1 cc. 
of the supernatant fluid was inoculated intracerebrally into young guinea pigs to 
determine  the virulence of the particular emulsion.  These animals usually died 
5 or 6 days following injection and sections were prepared from their brains.  In 
the majority of instances, meningitis was present and the exudate contained cells 
with acidophilic nuclear inclusion bodies. 
Every effort was made to use for inoculation only guinea pigs less than 1 month 
old.  It is, however, extremely difficult to judge the age of guinea pigs by their 
size.  In certain experiments  in which it was particularly important  to exclude 
the possibility of a spontaneous infection of the submaxillary glands, only guinea 
pigs of known age were used.  In other experiments where the age of guinea pigs 
used was uncertain,  one submaxillary gland was removed from each guinea pig 
at the beginning of the experiment  ~ and examined histologically to make certain 
that the animal was not already infected. 
Series E, September 16, 1926.mSeven young guinea pigs, approximately 1 week 
of age,  were  selected,  and the left submaxillary gland removed from all of them 
and prepared for histological examination.  These guinea pigs  were then divided 
into two groups, three---Nos. 69-7, 69-8, 70-2--were kept together in one cage and 
left untreated, and four--Nos. 70-3, 70-4, 70-5, 70-7--received three subcutaneous 
injections on 3 successive days of 0.1 cc. of an emulsion of active guinea pig virus. 
No definite local reaction occurred at the site of inoculation. 
The specific lesion was not found in the left submaxillary glands removed from 
each guinea pig in both groups at the beginning of the experiment.  6 days after 
the  first  subcutaneous  inoculation,  the  right  submaxillary  gland  was  removed 
from Guinea Pig 70-7.  Microscopic study of this gland failed to show the specific 
2 All operations were performed under anesthesia. 938  FILTRABLE VIRUS  IN  GUINEA PIGS 
lesion.  12  days  after  the  first  inoculation,  the  right  submaxillary  gland  was 
removed from  Guinea  Pig  70-4.  Microscopic  study  of this  gland  showed  the 
presence  of typical  nuclear  inclusion  bodies  in  the  duct  cells.  The  inclusion 
bodies were of the small type, indicating an early lesion.  18 days after the first 
inoculation the right submaxillary glands were  removed from Guinea  Pigs  70-3 
and  70-5.  On  histological  examination  these  glands  showed  typical  nuclear 
inclusion bodies both of the small and large type in the duct cells.  18 days after 
the beginning of the experiment the right submaxillary glands of the three control 
guinea pigs were removed.  On microscopic study the specific lesion was not found 
in any of these glands. 
This experiment seemed to indicate that young guinea pigs which are injected 
subcutaneously with active guinea pig virus become infected more rapidly than 
untreated guinea pigs of approximately the same age and,  furthermore,  that  it 
requires  12  to  18 days for the specific  lesion  in the duct cells  of the glands  to 
develop.  No macroscopic lesion,  beyond a  little  induration,  developed  at  the 
site of the subcutaneous inoculations. 
Further experiments, Series  F, K, and R, were made to confirm these observa- 
tions and to determine whether guinea pigs, which had been injected  subcutane- 
ously with  virus,  subsequently  became  refractory  to  intracerebral  inoculation. 
The results of intravenous and intraperitoneal injections of virus were also studied. 
As controls,  a  number of guinea pigs were injected  subcutaneously with  heat- 
killed  virus, and the susceptibility of these animals  to intracerebral  inoculation 
was tested.  In each experiment,  several guinea pigs were not treated,  and  the 
submaxillary glands  of these animals were removed at  the same  time  that the 
glands were removed from the inoculated animals. 
Table  I  shows the  results  of  subcutaneous,  intraperitoneal,  and  intravenous 
injection of guinea pig virus.  It will  be seen  that one guinea pig in the control 
group, No. 73-2, was already infected at the beginning of the experiment, but that 
none of the other guinea pigs in this group developed the specific lesion during the 
time they were under observation. 
In none of the guinea pigs of the other groups were lesions  present at the be- 
ginning of the experiment.  13 to 14 days after  inoculation, however, acidophilic 
inclusion bodies were present in the right submaxillary  glands of all these guinea 
pigs with the exception of one, No. 74-2.  In this animal, however, it was doubtful 
whether the whole dose was injected into the vein. 
Many of the guinea pigs in this experiment were greatly weakened by the two 
operations for the removal of the submaxillary glands, and died of intercurrent in- 
fections.  Three guinea pigs, Nos.  73-1, 73-3, and 73-5, in the control group, and 
three guinea pigs, Nos. 71-9, 72-1, and 72-7, which  survived the two operations, 
were inoculated intracerebrally with 0.1  cc.  of  active guinea pig virus.  Guinea 
Pigs 73-1, 73-3, and 73-5, developed meningitic symptoms and were moribund on 
the 8th day.  Sections prepared from the brains of these animals showed a typical 
mononuclear, meningeal exudate with cells containing acidophilic nuclear inclusion 
bodies.  Guinea Pigs 71-9,  72-1, and 72-7 remained well. ANN  G.  KUTTNER  939 
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Table II shows the results of subcutaneous injections of active and heat-killed 
guinea pig virus.  It has previously been shown (1) that the guinea pig virus is 
inactivated by exposure to a temperature of 56°C. for a period of 1 hour. 
It will be seen from Table II that whereas all except one of the animals injected 
with active virus developed lesions in the submaxillary glands, none of the guinea 
pigs injected with heat-killed virus showed acidophilic nuclear inclusion bodies 
in the duct cells of the glands. 
On  repetition  of this  experiment  (Series R),  similar results  were obtained. 
None of the guinea pigs injected with heat-killed virus developed lesions of the 
submaxillary glands, in contrast  to those animals which had been injected with 
active  virus.  The  guinea pigs treated  with heat-killed material  succumbed to 
intracerebral  inoculation of active  virus, whereas the animals which had been 
injected  subcutaneously with  potent material,  survived the same intracerebral 
injection.  Sections  prepared from the brains of the animals that died showed a 
typical  meningeal  exudate  containing  cells with  acidophilic nuclear inclusion 
bodies. 
Summary  of  Experiments.  Series F,  K,  R.--The  submaxillary 
glands  of twenty-seven young guinea pigs which  served as  controls 
in  these  experiments  were  examined  for  the  specific lesion.  Three 
of these guinea pigs were found to be infected with  the virus at the 
beginning of the experiment.  None of the other twenty-four guinea 
pigs de,¢eloped  the  lesion during  the  2  weeks that  they were under 
observation.  Although  it  is  impossible  to  be  certain  that  a  sub- 
maxillary gland is absolutely negative without cutting serial sections, 
further  evidence  that  these  guinea  pigs  were  actually  not  infected 
is brought by the fact that they remained susceptible to intracerebral 
inoculation of the guinea pig virus.  With the exception of the three 
guinea pigs mentioned above, which were spontaneously infected, all 
the guinea pigs in  this group became sick following the injection of 
guinea pig virus into  the brain.  Histological sections of the brains" 
of twelve of the twenty-four guinea pigs showed a  typical meningeal 
exudate. 
The submaxillary glands of twenty-two guinea pigs which received 
either  one  or  two  subcutaneous  inoculations  of  active  virus,  were 
examined  for  the  presence  of  acidophilic  nuclear  inclusions  in  the 
duct cells at intervals varying from 9 to 15 days following injection. 
With  the exception of three cases,  in one of which  the  animal  died 
early (9th day), the submaxillary glands of these guinea pigs showed 
the specific lesion.  The immunity of seventeen of these guinea pigs ANN  G.  XUT~i',~E~  943 
was tested by intracerebral inoculation, twelve survived,  three died 
acutely 1 or 2  days after inoculation, and two died late from inter- 
current infections. 
The submaxillary glands of three guinea pigs which had received 
one intraperitoneal inoculation of active guinea pig virus,  were  ex- 
amined 14 days following injection, and all showed acidophilic nuclear 
inclusion bodies in the duct cells. 
The submaxillary gland of four guinea pigs which had received one 
inoculation of active guinea pig virus intravenously, were examined 
13  days  following  injection.  Acidophilic  nuclear  inclusion  bodies 
were found in  three of them.  The submaxillary gland in one case 
was  found  to  be  negative,  but  it  is  questionable whether,  in  this 
instance, the whole dose was injected into the vein. 
The  submaxillary glands of fourteen guinea pigs  which received 
one or  two  subcutaneous inoculations of heat-killed virus were  ex- 
amined 14 days after inoculation.  No acidophilic nuclear inclusion 
bodies were found in any of them.  The immunity to intracerebral 
inoculation was tested in seven of these guinea pigs.  They all de- 
veloped  meningi'tic symptoms.  Sections prepared  from  the  brains 
of three of these animals showed a  typical meningeal exudate with 
acidophilic nuclear inclusion bodies. 
It was thought of interest to determine whether young guinea pigs 
from which both submaxillary glands were removed and which were 
then injected subcutaneously with active guinea pig virus, would also 
become refractory to intracerebral inoculation. 
Series L.  December 1, 1926.--Fourteen young guinea pigs, all of approximately 
the same age, were selected and divided into two groups.  Both submaxillary 
glands were removed from every guinea pig in Group I.  The right submaxillary 
gland was removed from every guinea pig in Group II.  On subsequent histolog- 
ical examination, it was found that none of the submaxillary glands removed at 
the beginning of the experiment showed the specific lesion.  All the guinea pigs 
in Group I and in Group II received two subcutaneous injections on 2 successive 
days, December 2 and 3, of 0.1 cc. of active guinea  pig virus. 
12 to 15 days after the first subcutaneous injection, the left submaxillary  gland 
was removed from every guinea pig in Group II.  Microscopic  study of these 
glands showed  that in every instance the specific  lesion  had developed  following  the 
subcutaneous inoculation  of the virus. 
On  December 17,  15  days after  the  first subcutaneous inoculation, all the 944  FILTRABLE  VIRUS  IN  GUINEA  PIGS 
guinea pigs in Groups I  and II which survived were inoculated  intracerebraUy 
with  0.1  cc.  of active  guinea pig virus.  Furthermore,  two guinea pigs, Nos. 
85-6 and 85-8, which had had both submaxillary glands removed 6 weeks before, 
but which had received no injections, as well as one young normal  guinea pig, 
No. 10-38, were also inoculated into the brain.  These three animals, Nos. 85-6, 
85-8, and 10-38, all showed typical symptoms and were moribund on the 6th day. 
Sections prepared from the brains of these animals showed typical lesions with 
cells containing acidophilic nuclear inclusion bodies.  None of these guinea pigs 
in Groups I and II became sick. 
The previous experiments had seemed to indicate that intracerebral 
immunity  depended  upon  the  localization  of  the  virus  in  the  sub- 
maxillary  gland,  but  the  result  of  this  experiment  showed  that  the 
presence  of  the  glands  was  not  essential  for  the  development  of 
immunity.  An  attempt  was  therefore made  to  determine  whether 
in this case another localization of the virus had occurred. 
In  addition  to  the  submaxillary  glands,  which  lie  fairly  deep  in 
guinea  pigs,  there  is  a  superficial  salivary  gland which lies directly 
over the jugular vein and which probably corresponds to the parotid 3 
in  man.  In  the  majority  of  full  grown  guinea  pigs  in  which  the 
submaxillary  glands  show  the  specific lesion  no  acidophilic  nuclear 
inclusion bodies are present in this superficial gland and emulsions of 
this gland are not infectious when inoculated into the brains of young 
guinea pigs.  The parotid glands of four guinea pigs of Group I were 
examined, and the specific lesion was found in three, and it seems, there- 
fore, that, in the absence of the submaxillary glands, the virus localizes 
in  the  parotid  glands,  and  the  animals  then  become  refractory  to 
intracerebral  injection.  Theoretically,  it  would  be  of  interest  to 
inject guinea pigs from which both the parotid and submaxillary glands 
had been removed, to see where the virus would localize under these 
circumstances,  but the position of the parotid glands is such that  it 
is impossible to remove them completely without ligating both jugular 
veins. 
On repetition of this experiment (Series Q) similar results were ob- 
tained.  Seven guinea pigs from which both submaxillary glands had 
been removed,  but which  had  received no  injections  of  guinea  pig 
s To make the description more simple this  gland has  been called "parotid 
gland"  in the discussion which follows. A~N  G. ~UTT~,mR  945 
virus,  remained susceptible  to brain  inoculation.  Four guinea pigs 
which had had both submaxillary glands removed and had received 
one injection of active guinea pig virus were refractory to intracerebral 
injection, and the specific lesion could be demonstrated in the parotid 
glands in three of these four animals. 
The parotid glands of two guinea pigs which had one submaxillary 
gland left when they were injected subcutaneously with active guinea 
pig  virus,  showed  acidophilic nuclear  inclusion bodies,  both  in  the 
submaxillary and the parotid glands.  It seems, therefore, that follow- 
ing injections of active virus the parotid glands became infected even 
though one submaxillary gland was still present.  When the infection 
occurs spontaneously, however, the submaxillary glands and not the 
parotid  glands  are  usually  the  first  to  be  infected.  This  point  is 
brought out by the following experiment. 
Series O.  December 28,  1926.--The right submaxillary  glands were removed 
from four young guinea pigs, Nos. 10-61, 10-63, 10-64, 10-65.  These four animals 
were kept together in the same cage and left untreated.  The left submaxillary 
glands  were  removed  at  various  intervals  and  examined  histologically.  No 
acidophilic nuclear inclusion bodies were found in any of the sections  prepared 
from the submaxillary glands removed at the beginning of the experiment.  On 
February 1, 1927, approximately 1 month after the beginning of the experiment, 
the left submaxillary  and parotid glands were removed from Guinea Pig 10-63. 
The specific lesion was found in the sections prepared from the submaxillary glands, 
but not in those prepared from the parotid gland. 
On March 1, 1927, approximately  2 months after the beginning of the experi- 
ment, the left submaxillary  and parotid glands were removed from Guinea Pig 
10-64.  The specific lesion was found in sections prepared  from the submaxillary 
gland, but not in those from the parotid gland. 
On March 25, 1927, almost 3 months after the beginning of the experiment, 
the left submaxillary and parotid glands were removed  from  Guinea Pigs 10-61 
and  10-65.  The  specific lesion  was  found in  the  sections  prepared  from the 
submaxillary  gland of Guinea  Pig 10-65.  In those prepared  from the parotid 
gland of this guinea pig an area of reaction was present, but no acidophilic nuclear 
inclusion bodies were found.  The specific lesion was found neither in the sub- 
maxillary nor in the parotid gland of Guinea Pig 10-61. 
On March 25, 1927, after the removal of the left submaxillary gland and the 
left parotid gland,  Guinea  Pigs  10-61 and  10-65 received an  intracerebral  in- 
oculation  of active guinea pig virus.  Guinea Pig 10-61 succumbed on the 6th 
day and the histological examination  of the brain showed a  typical meningitic 
exudate with ceils containing acidophilic nuclear  inclusion bodies.  Guinea Pig 
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The problem of spontaneous infection in this disease is an extremely 
difficult one.  In the experiment reported above, three of four guinea 
pigs became infected in periods varying from  1 to  3 months.  The 
other guinea pig, though closely confined in the same cage with these 
animals, never developed the specific lesion in either the submaxillary 
or parotid glands, and remained susceptible to intracerebral inocula- 
tion of the guinea pig virus when more than 3  months of age.  In 
certain  other  experiments  it  was  thought  possible  to  exclude  the 
occurrence of spontaneous infections of the submaxillary gland,  by 
using only guinea pigs of known age.  In one instance, however, the 
submaxillary gland of a guinea pig 22 days old was found to be infected. 
There are apparently other factors besides those of age and exposure 
to the virus that determine whether or not the submaxillary glands of 
guinea pigs become infected with this disease. 
Passive  Immunity.--It  has  been  impossible  to  demonstrate  any 
virucidal properties in the sera of full grown guinea pigs which have 
been  spontaneously  infected,  or  in  young guinea  pigs  which have 
developed the infection in  the submaxillary glands as  the result of 
subcutaneous  injections.  The  failure  to  show  virucidal  action  in 
the serum of immune animals in this disease can probably be attributed 
to  the fact that  the quantitative factors have not been adequately 
controlled in these experiments.  Further work needs to be done on 
this phase of immunity. 
In  the first two  experiments on  this  subject,  equal  quantities of 
guinea pig virus and the pooled serum from three full grown guinea 
pigs,  which were subsequently shown to be carrying the infection in 
their submaxillary glands,  were combined and  allowed  to  stand  at 
room temperature for 30 minutes and 0.2 cc. of the mixture was then 
injected intracerebrally into  young guinea pigs.  In  the same way 
the serum of a very young guinea pig, 6 days old, whose submaxillary 
gland did not show the specific lesion, was combined with an equal 
quantity of guinea pig virus, and injected intracerebrally into young 
guinea pigs.  As  additional  controls,  young guinea pigs  were  also 
injected intracerebrally with 0.2  cc. of a mixture of equal quantities 
of virus and Locke's solution. 
In these experiments, even when the dose of virus used was small, 
the sera of the full grown guinea pigs did not prevent death or the AN~  G.  KU~TI~E~  947 
formation of a meningeal exudate containing cells showing acidophilic 
nuclear inclusion bodies. 
Transmission  of the Guinea Pig Virus in Series; from Skin to Sub- 
maxillary Gland and from Submaxillary Gland to Skin.--The regularity 
with which the  specific lesion appeared  in  the  submaxillary  glands 
following subcutaneous inoculation of the virus was so striking that it 
was thought that this might be an easy way to transmit the virus from 
guinea pig to guinea pig in series.  In this experiment, only pigs of 
known  age,  which had  been  born  on  the premises,  were used.  In 
order to control the experiment as accurately as possible, each litter 
of guinea pigs was, whenever possible, divided into  two lots.  Two 
guinea pigs born  in one litter were inoculated  subcutaneously with 
an emulsion of virulent submaxillary glands from full grown guinea 
pigs.  As a  control two other pigs of the same litter were inoculated 
with  an  emulsion of  the  submaxillary  glands  obtained  from  a  full 
grown rabbit.  2 weeks after the subcutaneous inoculation, the sub- 
maxillary  glands were removed from the  guinea pigs injected with 
guinea pig virus, a piece was taken from each gland for section, and the 
remainder of the glands emulsified and injected subcutaneously into 
other guinea pigs of known age.  In the same way the submaxillary 
glands  were  removed  from  the  two  pigs  which  had  been  injected 
subcutaneously with rabbit submaxillary gland, a piece was taken for 
histological  section,  and  the  rest  was  emulsified and  injected  sub- 
cutaneously into guinea pigs of known age.  After 2 weeks the same 
steps were repeated.  In this way the virus was carried through seven 
generations, the submaxillary glands of the previous generation always 
being injected subcutaneously into the guinea pigs of the next gen- 
eration.  The control series has been continued exactly in the same 
way  as  the  series  started  with  the  guinea pig  virus.  In  order  to 
determine the virulence of the material used for subcutaneous inocula- 
tion  in  each  generation,  intracerebral  inoculations were  also  made. 
Young pigs inoculated intracerebrally  with the submaxillary glands 
of the series started with guinea pig virus have become sick and, in 
many  instances,  died.  Histological  examination  of  the  brains  of 
these  animals  have  shown  a  typical  meningitic exudate  containing 
cells  with  nuclear  inclusion bodies.  Guinea  pigs  inoculated  intra- 
cerebrally with an emulsion of the submaxillary glands removed from 948  FILTRABLE  VIRUS  IN  GUINEA  PIGS 
TABLE  III. 
I  generation 
Subc. inoc. 
0.1 CC. 
Removal of glands 
Inocu]um 
Submax. 
glands  from 
2 old gui- 
nea pigs 
Date 
NOV. 8 
Nov. 9  ; 
Nov. 22 
G.P. 
87-1 
.87-2 
87-5 
87-1 
87-2 
87-5 
Submax. gland 
,.4  ~  Section  Result 
days 
AB  ,,'4 }768b  Pos. 
A  18  838b  Pos. 
"  "  839b  Neg. 
B  "  840b  Pos. 
II generation 
Subc. inoc. 0.1 cc. 
Removal of glands 
87-1 
87-2 
87-5 
Nov.  94-8  ' ' 
94-9  E 
Dec. 7  ~ 94-7  D 
/ 
94-8  " 
j  94-9 
22  927b 
"  928b 
"  929b 
POS. 
Pos. 
POS. 
III generation 
Subc. inoc. 0.1 cc. 
Removal of glands 
94-7 
94-8 
94-9 
Dec. 7 
Dec. 8 
Dec. 21 
47 
48 
49 
47 
49 
48* 
G 
F 
G 
F 
G 
2 
8 
16 
22  983b 
16 
Pos. 
IV generation 
Subc. inoc.  0.2 cc. 
Removal of glands 
47 
49 
Dec. 21 
Jan. 5 
10-42 [ 
1042  H 
10-43  " 
22  1027b 
1028b 
Pos. 
Pos. 
* No. 48 used for section only. 
Positive indicates that acidophilic nuclear inclusion bodies were found in the 
duct cells of the glands. 
Negative indicates that  no lesions were found in the glands. ANN  G.  KUTTNER 
TABLE  III--Conduded. 
949 
V generation 
Subc. inoc. 
Subc. inoc. 0.2 cc. 
Removal of glands 
Inoculum 
10-42 
10-43 
Date 
Jan. 
Jan. 
G.P. 
l  10-75  J 
5  10-76  " 
J  10-77  i 
lO-7S  J 
20  10-76  " 
10-77  I 
days 
4 
13 
19 
28 
Submax. gland 
Section  Result 
1068b  Pos. 
VI generation 
Subc. inoc. 0.2 cc. 
Removal of glands  t 
10-75 
10-76 
10-77 
Jan. 20 
Feb. 3  11-06 
11-07  19  l107b 
l108b 
Pos. 
Pos. 
VII generation 
Subc. inoc. 0.2 cc. 
Removal of glands 
11-06  Feb. 3 
11-07 
Feb. 17 
H 
11-36  I-I 
11-37  L 
6 
8 
20  1148b 
22  1149b 
Pos. 
Pos. 
the  animals  of  the  control series have  usually remained well.  In 
certain instances, when these guinea pigs died of other causes,  the 
histological examination of the brain proved negative.  The sections 
of the submaxillary glands of the guinea pigs of the series started with 
guinea pig virus have in every instance, except one, shown the specific 
lesion.  On the other hand sections from the glands of the first six 
animals of the control series were all negative.  The seventh animal 
of the series,  however, Guinea Pig 11-41, though only 22  days old, 
developed a  spontaneous infection.  The guinea pigs in the control 
series were kept together in a separate cage, but no special precautions, 
such as sterilizing the cage, were taken.  The guinea pigs were allowed TABLE  IV. 
Control Series  Started  with  Rabbit  Submaxillary. 
I  generation 
Subc. inoc. 0.1 cc. 
Removal of glands 
Inoculum 
Rabbit 
Date  G.P. 
87-3 
Nov. 2  87-4 
Nov. 9  87-6 
87-7 
87-3 
Nov. 23  87-4 
87-6 
87-7 
day: 
B  " 
~c  ~g 
A  19 
B  " 
l¢  gg 
Submax. gland 
Section  Result 
'69b  Neg. 
841b  " 
842b  " 
843b  " 
844b  " 
II generation 
Subc. inoc. 0.1 cc. 
Removal of glands 
87-3 
87-6 
87-7 
Nov.  l  95-3 
)  95-4 
Dec.  ~ 95-2 
95-3 
J  95-4 
E 
D 
E 
E 
I) 
E 
,s 
~c 
22  930b 
"  931b 
"  932b 
Neg. 
~c 
~c 
III generation 
Subc. inoc. 0.1 cc. 
Removal of glands 
95-2 
95-3 
95-4 
Dec. 
Dec. 
Dec. 
7  52 
8  53 
54 
21  )  53 
54 
G 
,,s 
954b  Neg. 
IV generation 
Removal of glands  Jan. 5  10-44  "  22  1029b  Neg. 
V generation 
Subc. inoc. 0.2 cc.  10-44 
Removal of glands 
Jan. 
Jan. 
5  ~  10-81  I 
10-821  " 
10-80  J 
20  } lO-811 
10-82  {~ 
to-8o  j 
13 
c~ 
4 
28 i  ~c 
19 
1069b  Neg. 
Positive indicates that acidophilic nuclear  inclusion bodies were found in the 
duct cells of the glands. 
Negative indicates that no lesions were found in the glands. 
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TABLE Iv--Concluded. 
951 
VI generation 
Subc. inoc. 0.2 cc. 
Removal of glands 
Inoculum 
10-81 
10-82 
10-80 
Jan. 20  11-08  K 
Feb. 3  11-08  "  19  1109b [ Neg. 
VII generation 
Sube. inoc. 0.2 ce. 
Removal of glands 
11-08  Feb. 3 
Feb. 17 
11401 M 
1141  L 
1140  M 
1141  L 
6 
8 
20  1150b 
22  1151b 
Neg. 
Pos. 
to  remain  with  their  mothers  for  1  week after birth.  It is possible 
that,  if  these  factors  had  been  more  carefully  controlled,  the  spon- 
taneous infection of Guinea Pig 11-41 might not have occurred.  The 
results of these experiments are shown in Tables III and IV. 
Transmission of the Guinea Pig Virus from Submaxillary Gland to 
Submaxillary Gland.--The guinea pig virus has also been transmitted 
through  seven generations  in  series by direct  inoculation  from gland 
to  gland. 
In this  experiment guinea pigs of known  age were not  available.  In every 
instance one submaxiUary gland was removed at the beginning of the experiment 
and prepared for histological  examination.  In the first generation,  Guinea Pig 
10-10 was given a  large injection of guinea pig virus subcutaneously.  The left 
submaxillary gland was  removed  12  days after inoculation,  a  small piece was 
prepared for histological  section,  and the rest emulsified  and used for injection. 
In all subsequent  generations  injections were made  directly into  the  left sub- 
maxillary gland.  14 to 17 days following inoculation,  the injected submaxillary 
gland was removed, a piece prepared for histological  section,  and the rest placed 
in 50 per cent glycerol until cultures could be made to exclude the possibility of 952  FILTRABLE VIRUS IN GUIiN-EA PIGS 
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bacterial contamination.  The gland was then washed free of glycerol,  emulsified, 
and used for injection into the next group of guinea pigs.  In some cases, both 
the submaxillary gland and the parotid gland were examined histologically  to see 
if the infection had spread from  the submaxillary gland to  the parotid. 
None of the right submaxillary glands removed before the inocula- 
tion of the left submaxillary gland showed the specific lesion.  The 
great majority of the injected glands showed acidophilic nuclear in- 
clusion bodies and were virulent when inoculated into  the brains of 
young guinea pigs.  In one instance, both the submaxillary gland and 
the  parotid  glands  showed  the  specific  lesion,  in  four  others  the 
nuclear alterations were found in the submaxillary gland only. 
Summary of Transmission Experiments.--The experiments recorded 
in  Tables  III  to  V  indicate fairly conclusively that  the guinea pig 
virus can be transmitted in series.  The striking characteristic of this 
virus is its marked predilection for glandular tissue, which accounts 
for the fact that it was impossible to transmit the virus from brain to 
brain. 
Is the Guinea Pig Virus Related to "Kurloff Bodies"?--The occur- 
rence of peculiar structures, known as "Kurloff bodies," in the cyto- 
plasm of the mononuclear cells of guinea pigs' blood was first observed 
by Kurloff (3)  in  1888.  Although many investigators have studied 
the "Kurloff bodies," it has been impossible to draw any definite con- 
clusions as to their nature.  Some workers maintain that they repre- 
sent vacuoles, others that they are true inclusion bodies belonging to 
the  "Chlamydozoa."  Their  infectious nature,  however, has  never 
been proved.  All  attempts  to  transmit  them from one  animal  to 
another have failed.  It is of interest that "Kurloff bodies" are not 
present in the blood of guinea pigs at birth.  According to Senez (4) 
they appear as early as the 7th day; Bender (5), on the other hand, 
has never observed them in guinea pigs less than 1 month old.  The 
absence of "Kurloff bodies"  in very young guinea pigs and the de- 
velopment of  these structures in  the blood  of the. majority of full 
grown guinea pigs,  suggested that there might be some relationship 
between them and the infection of young guinea pigs with guinea pig 
virus.  The fact, however, that "Kurloff bodies" always lie in the cyto- 
plasm of the mononuclear cells, whereas the lesion of the guinea pig 
virus is characterized by nuclear inclusion bodies, indicates that there ANN o.  XUTT~-EX  955 
is  probably  no  relation  between  the  two  conditions.  In  order  to 
exclude  this  possibility,  citrated  blood  of  a  full  grown guinea pig 
containing "Kurloff bodies," was injected intracerebrally into a young 
guinea pig.  The animal remained well.  On the 6th day it was killed 
and  sections prepared  from  the  brain.  No  meningitic exudate  or 
other cerebral lesion was found.  In order to obtain a  greater con- 
centration of mononuclear cells containing "Kurloff bodies,"  10  cc. 
of sterile broth was inoculated into  the peritoneal cavity of  a  full 
grown  guinea pig.  The  following day  the peritoneal exudate was 
examined for the presence of cells containing "Kurloff bodies."  A 
fair number of these cells were found to be present.  The  ceils were 
washed with salt solution and injected intracerebrally into two young 
guinea pigs.  These animals also remained well. 
CONCLUSIONS. 
1.  It  has  been  shown that  the  guinea pig virus localizes in  the 
submaxillary  glands  of young guinea pigs following subcutaneous, 
intraperitoneal, or intravenous injection of active material, and that 
the specific lesion is demonstrable in  the glands in  12  to  15  days. 
When an active infection of the gland has been produced in this way, 
the guinea pigs are refractory to intracerebral inoculation of the virus. 
2.  No lesion develops in the submaxillary glands of young guinea 
pigs injected subcutaneously with guinea pig virus which has been 
inactivated  by  heat.  Young guinea pigs  which have  received  in- 
jections of heat-killed virus do not become refractory to intracerebral 
inoculation of the virus. 
3.  When young guinea pigs from which both submaxillary glands 
have been removed are injected subcutaneously with active virus, the 
virus localizes in the parotid gland, and the animals become refractory 
to intracerebral inoculation. 
4.  It has been impossible to demonstrate virucidal properties in the 
sera of adult guinea pigs which have become spontaneously infected 
with the virus, or in the sera of young guinea pigs which have been 
artificially rendered refractory to intracerebral inoculation. 
5.  It has been possible to  transmit the virus from guinea pig to 
guinea pig continuously in  series  through seven animals by  direct 
inoculation from submaxillary gland to submaxillary gland. 956  FILTRABLE  VIRUS  IN  GUINEA  PIGS 
6.  The fact that  the virus regularly localizes in the submaxillary 
glands following subcutaneous inoculation has been utilized in passing 
the virus from guinea pig  to  guinea pig.  2  weeks after the subcu- 
taneous inoculation of the virus into young guinea pigs,  the active 
agent  was  present  in  the  submaxillary  glands.  Emulsions  of  the 
submaxillary glands  of these  animals  were then  used  for  the  sub- 
cutaneous injection of another group of young guinea pigs.  In this 
way the virus was transmitted continuously from skin to submaxillary 
gland through a series of seven animals. 
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